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THE TRAVEL OF CIRCULAR DEPRESSIONS AND TORNADOES AND THE RELATION OF PRESSURE TO WIND FOR CIR- 
CULAR ISOBARS. 

By Sir NAPIER SEAW. 

This memoir is a continuation of the study of traveling 
cyclonic depressions which was begun in t,he Life History 
of Surface Air Currents 01. 0. 1741, published in 1906. 
Those who are accustomed to study weather maps have 
generally formed the idea bhat the typical cyclonic de- 
pression which is represented by a group of concentric 
circular isobars on the map is t.he base of a column of air 
whirling about an axis and traveling over the countr . 
foot of t,he axis of the whirl has been supposed to be the 
center of the circle of isobars, and the moving column has 
been supposed to be fed on all sides by air movina along 
spiral curves to the axis. These views as apphd  to 
traveling depressions , a.re really erroneous. 

It was shown in the Life History that in actual cases 
the air was fed into the cyclone on the right front, and, 
as a rule, in spite of appearance, did not reach the asis in 
the end, but was thrown out a nin from t.he rear of the 

spiral movement was in those cases siniplg deceptive. 
The new investigation began bv pointing nut thnt 

there might be cases of reFolvino columns of nir travelina 
over the country, the bases of &ich u-ere not representea 
on the map by groups of circulnr isobars, but by the 
isobars of “ a small secondary.” The destmc,t,ive small 
secondary of March 24,1895, was identified as an esaniple. 
The tornado in South Wales on October 27, 1913, wa.s 
cited as another esample, and it was generally concluded 
that traveling revolving columns of air were to be found 
as secondaries mainly in the southern parte of great 
cyclonic depressions, not a t  the centers of those depres- 
sions. The primary depression WRS thou h t  to represent 

out in a paper onRevolvingFluid in t,he Atmospherebefore 
the Royal Society in June, 1917. 

The present memoir reca itulates that paper and car- 

“normal cyclone”: t’hat is, one in which the velocity in 
rotation is proportional to the distance from t,he asis as 
it is in the case of a revolving solid. This normal cyclone 
is sup osed to travel with a specified velocity which is 
prom B ed for by the proper adjust.ment, of the distribution 
of ressure. 

is explained that what niay be called the center of 
winds, or the “kinematic center” of the motion; t,hat is, 
the point round which the winds of a map would appear 
to circulate, is not the cent’er of isobars, but a point some 
way from that center on the left of its line of motion. 

aths of air would be those t.raced out by points 
The attac ! ed to a horizontal circle, which has its center at  the 
true center of permanent rotation (called the tornado 
center), and which rolls alona the path of the kinematic 
center. The distance apart 07 the real center of rotation 
and the apparent or instsiitaneous center depends on 
the rate of rotation and the rate of travel: it may be in 
some cases 60 miles or more. 

The center of isobars lies between the other two centers 
at a position which can also be calculated from t.he rate 
of rotation and the rate of t.rave1 by allowing for the dis- 
tribution of pressure corresponding to each. The whole 
field of pressure will consist of the combination of the cir- 
cular isobars representing the rotation, with the linear 

Without any special examination of the question t i e 

cyclone on t,he same side, so t f iat the apparent inward 

motion of a different kmd. These conc ff usions were set 

ries the stud further by cal ? ing attention to certain propo- 
sitions app P icable to the case of what is called the 

1 GeophysicaI Memoirs, No. 12, British Meteorological Ofice, 1918, 4O, 44 pp., 5 pl., 
2- 

isobars representing a stseam of air which would carry 
the rotating column along. The com lete base of the 
revolving column will include any circ 3 ar isobars shown 
on the niap on the left-hand side of the path of the center, 
slid a number of additional isobars formed of arcs of cir- 
cles on the richt hand side of the path of the center of the 
disk or circdar base which a 1  up the area of the disk. 
Thus IL spinning disk of air in a flowing stream of air 
~-ould give to a map the ap earance of winds circulating 
round a point on the left ofi ts  path, and the controlling 
pressure which would kee the system in being is a set of 

of isobars on trhe ma I),  also on t,lie left. The position of 

t.ion a t  all. It would be somewhere in a set of curved 
isobars; and though its position could be accertained if 
t,he rate of travel were known, there is nothing special to 
mark it on the map. 

It is on that account that the true osition of the axis 
of rot.at.ion has never been suspected i uring the 60 yeaw 
of the study of weather ma s, yet the true position is a 

of t r ad ing  cyclones. The ihysical xocesses of ascend- 
ing air. rainfdl, and the like should be thought of as 
referred to the cent,er of the traveling disk, not to the 
point on tlic map which for the moment has no velocity; 
nor to t.he still more apparent center of isobars. 

It is also showii that air in instantaneous rotation round 
a point will develop a similar circulation a t  successive 
point,s along a line 011 the niap if it  is ushed by a uniform 
field of pressure toward t4lie riglit o P the path which the 
center lins to follow, and this may prove to be the opera- 
tive cause of the traveJ of isoba1.s in certain cases.. Any 
group of isoham which (apart from disturbance at the 
surface) are not in wreement with the actual winds are in 
a condition to t.ravel?ike a cyclone, the direction and speed 
of travel depending upon the divergence between the 
ac tual winds and the winds computed from the isobars.- 
Meteorological Office Clkcular 25, June 24, 1918. 

isobars centered round a a. ifferent point the actual center 

the actual center of t. 4 ie disk itself would not att,ract atten- 

matter of great iniportamce P or the physics and dynamics 

THE RELATION OF WIND TO THE DISTRIBUTION OF 
BAROMETRIC PRESSURE. (MANUAL OF METEOR- 
OLOGY, PART IV.) 

By Sir NAPIER SEAN-. 

Sir Sapier Shads  recently published work, on “the 
Relation of the Wind to the Distribution of Barometric 
Pressure,” which comprises Part 1V of a “hfanual of 
Jfetcorolngy,” is largely a suinniary of previous efforts and 
investigations in aerology.a In  the preface, the author 
says: ‘ * i t  represents the pro ess made chiefly by those 

Office in the past PO years. * * * Our concern in 
this work is to present a sumn!ary * * * in the 
niost handy form for conveying an idea of the information 
which is available.” 

The subject matter of t,he book proceeds lo ‘cdy from 
the observation of surface phenomena to tr ose of the 
upper air, in order to establish, if possible, some relation 
between these surface phenomena and the processes 
which are taking place aloft. Particular emphasis is 

who have hcen associated i n  t F ie workof the Meteorological 

‘Cambridge 1919 4’ 16Opp 4 1 
-4 reviey dr this)wdrk hy do&& Dobson is published in the Quart. Jonr. Roy. 

Meteordogwal Soc., July, 1919, vol. 45, pp. %2-%4. 
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laid upon the importance of the work of G. 1. Taylor 
in eddy-motion in the atmosphere, and of the value of his 
coefficient af “eddy conducti\-ity” in meteoroloGa1 
work. Fre uent references are iiiade to the worE of 

cluding chapters he deals with the “re~-olving fluid of the 
atmosphere.” The Meteorological Office has published 
Sir Napier Shaw’s previous work along this line, so that 
the material presented in the latter portion of thc 
“manual” is a r6sum6 of that to be found in the -c. L. M. 

Dines and gD obson with pilot balloons. In the con- 

THE TRAVELING CYCLONE. 
B y  the late LORD RAYLEIQR. 

(The London, Edinburgh, and Dublin Phll. Mag., and Jour. of Sci., Gth Ser., No. 2 5 ,  
Beptember,’1919, pp. 4-W24. )  

One of the most im ortant questions in meteorologj- 

usually travel. Sir N. Shaw says that “a  velocity of 
20 meters/second (44 miles per hour) for the center of a 
cyclonic depression is large but not unknown; a velocity 
of less than 10 met.ers/second may be regarded as smaller 
than the average. A tro ?ical revolving storm usually 
travels at about 4 metersfsecond.” He treat,s in detail 
the comparatively simple case where the motion [relative 
to t-he ground) is that of R solid body, whether a simple 
rotation, or such a rotation combined with a uniform 
translation; and lie draws important conclusions which 
must find ap roximate application to traveling cyclones 
in general. 6ne  ob’ection to resarding this case as typi- 

tinuity is involved a t  the distance from the center where 
it terminates. A more general treatment is desirable, 
which shall allow us to suppose R gradual fd ing  off of 
rotation as the clistnnce from the center increnses; and I 
propose to take up the general !woblern in two dimensions, 
starting from the usual Eulerian equations as referred to 
uniformly rotating axes.; 

Sir J. Lnrmor has added to Rayleigh’s incomplete 
article a paraphrase, which closes as follows: “In any 
case, inteinal viscosity is negligi?de in meteorological 
prohlenis. I t  is the fricition .against land or orean, intro- 
ducin turbulence which spreads upward, that clisturbs 

degree of permanencc of the tj-pe of motion seems to per- 
mit that also to he left out of account. As remarked in 
the postscript, the changes of pressure arising from con- 
vection involve changes of density, v;hich \ d l  modify the 
motion hut perhaps slightJy. There does not seem t.0 be 
definite discordance with Er. Jeffreys’s detailed dis- 
cussion. ” 

is the constitution of t 1 e travelmg cyclone, for cyTlones 

cal is that, unless t h e rotating area is infinite, a discon- 

and I f  t.iniately destroys the cyvrloni~. syst.ein; and the high 

ON TRAVELING ATMOSPHERIC DISTURBANCES.e 
B y  HAROLD JEFFREYE. 

[Author’s summary.] 

The geostrophic‘ relation between the wind and the sur- 
face pressure gradients is incapable of accounting for .my 
variation whatever with time in the pressure distribution. 

-- ___-  
1 Eddv Motion in the \tmosphere. Phil. Trans.. 191.5. rol. ?15, pp. 1-21:. 
Skin hiction of the Wind on the Earlh’s Surfwe. Prw. Roy.  Soc. Bcr. .i. 1S:d. vd. 
P!komeni Connec:eJ 11 11h Turbuleuc.e in the Lower htmosphorc. idem. 1916, vo!. 

I S C U S S J ~ ~  of these papers bp Mr. Eric E. Miller ail1 a ~ p c  rr in t h o  October issuv 111 
the REVIEW. 

I Sir Napier Shaw: The Trwel of Circu1.x Depressions and Tornadoes aut1 the 1:ul I- 
lion of Pressure to  Wind for Circular Isobars Met. 011. ~rophy8rcul  -1fcrnemarr8, No. 12-1919. 

a See Review, p. GD. above. 
4 Nanusl 01 Meteorology Part iv 
6 Lamb’s V3ydrodynaiuik p. Zbplid. 
0 Phil. Mag., London, Joniory, 1916, Ser.6,87: 1-8. SCP also Sei. Abr. March, 1919, pp. 

w-93. 
7 &drophic.--“Let us call the o m  [coinpancut due to the rotation of thr earth the 

‘geostruphic’ component, and the other due to the curmcun? of thc path the ‘cyrlo- 
strophlc component.’’-Gr. Brit. Met. Omce, handbook, Weather Mnp and Glossary, 

92. p. 1M-199. 

94 p$ 137-155. 

1-1 Cambridge, 1910. 

Lvndon, 1Dlq p. 1u. 

All changes in this arise from those terms in the equa- 
tions of niotion that are neglected when the geostrophic 
idation is assumed. When these terms, which depend 
on the squares and differential coefficients of the veloci- 
ties, are taken into account, it  is found that an asymmet- 
rical cyclone can move. It seems, however, from the low 
speed of travel of these depressions, that a simple super- 
posibion of a general pressure gradient on a rotating 
systeni must be compensated internallv in some way, so 
as t.0 reduce the asymmetry introduced. Thus the 
remarkable circularit? of the isobars in a cyclone is seen 
to  be a condition of its slow movement. It is indicated 
that the cyclone itself is a very special type of disturbance, 
in which the pressure, temperature, and velocity are so 
distributed as to make the wave tending to readjust it 
travel with eytreme slowness; other types of disturbance 
spread out much more ra idly (with velocities of the 
order of that of sound) ancfare dissipated, and this fact 
is probably the reason why, [that] of all the irregularities 
possible, the cyclone is the most conspicuous, other forms 
clissipat.ing before they can be observed. 

CHARACTERISTICS OF THE FREE ATMOSPHERE.’ 

B y  W. H. DINES, F. R. S. 
(Abstract.) 

Si-.voPsrs.--“This report waa prepareJ in 1916, but on account of the 
w w  it was not then published.” The subject is disruseed under the 
following headings: 

1. Methods and places of observation. 
3. Amount and reliability of the material. 
3. Meau temperatures and gradient,s. 
4. The seasoual variation. 
5. The daily temperature range. 
6. The humidity. 
7. The troposphere and stratosphere. 
S. Pressure and density. 
9. The motion of the free atmosphere. 

10. Ratistical data. 
11. The connection between pressure and temperature. 
12. The vertical temperature gradient and the value of H . 
Appendix. The standard deviations of the density of %e air from 

1 to 13 kilometers. and the frequency of occurrence of deviations of 
given magnitude. 

In general the paper deals with data and conclusions that had al- 
ready been presented elsewhere, but they are here brought together 
into concise form. t.u@her with some of the more recent results. The 
redsris thus enabled t,o gain acomprehensive idea of t,he whole subject 
without having to consult sevcrsl separate papers t.hat have appeared 
from t,imcl bo t.ime in various publications. 

1. JA$hk  md p!aw.s Of ob.smtwtion.-For the most part 
the discussion is based upon results obtained in different 
parts of Europe, a1 though er uatorid and Canadian values 

in t4he text. In  all cases the data were obtained by means 
of sounding and ilot balloons. 

3. Amoun.t an8 retia62,it.y of the ma.te&l.-Practically 
90 per cent of the balloons sent up in continental Europe 
are recovered; but in England, owing to the proximity of 
the sea, the loss averages about 35 per cent. Different 
sizes of balloons and various t g e s  of meteorographs arc 
used, but the mean results of 10 years’ work are practi- 
cally identical. Instruniental and reduction errors are 
eridently not large, inasmuch as the agreement between 
near-by st.ations and between successire observations at 
the smie sttttion is close. All the evidence indicates that 
the probable error for temperature does not esceed lo C.; 
for pressure it is about 4 rub. The effect of the latter in 
the determination of altitude in the lower levels is inappre- 
ciable, but at great heights, e.g., 30 Irilometers, an error 
of 2 kilonieters is possible. These errors are largely 

are given in some of the tab i es and are briefly referred to 

1 Geophysical Memoirs No. 13, Meteorol~ical Olfiee, Landon, 1919,. Y. 0. POC, 
pp. 47-76. 


